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INTRODUCTION

This report summarizes the research and development efforts

of Division 3 for the period I January through 31 March 1963.

A substantial portion of the Division's activities is devoted to

the Re-entry Physics and PRESS Programs, reports for which

appear in the Semiannual Technical Summary Report and the

Quarterly Letter Report to ARPA.

J1. V. Harrington
Head, Division 3

T. F. Rogers
15 April 1963 Associate Head
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REPORTS BY AUTHORS IN DIVISION 3

15 January through 15 April 1963

PUBLISHED REPORTS

Technical Reports

ASTIA and
TR No. Hayden Nos.

282 Radar Astronomy Measure- P. E. Green, Jr. 12 December 1962 ASTIA 400563
ment Techniques

291 Re-entry Body Discrimination R. E. Slattery 11 December 1962 ASTIA 333863
ISI by Observation of the Properties W. G. Clay

of the Turbulent Wake M. A. Herlin
(title Unclassified)

292 Orbital Scatter Channel P. R. Drouilhet 21 December 1962 ASTIA 401311
Propagation Experiment J. W. Craig

P. L. Fleck
W. B. Smith
C. A. Wagner

294 Photo-Ionized Cloud as E. L. Murphy 17 January 1963 ASTIA 401310
Source for Decrease in
Backscatter Cross Section
of Re-entering Body

297 A Survey of Re-entry Experi- S. Edelberg 25 January 1963 ASTIA 335800
IS1 ments with Applications to C. N. Bressel

Project PRESS E. R. Bressel
(title Unclassified) M. A. Herlin

K. R. Johnson
R.V. Meyer
G. F. Pippert

300 The Diamond Circuit R. H. Baker 30 January 1963 ASTIA 400955
R. E. McMahon
R. G. Burgess

G-Reports

No.

34G-9 Confidence intervals and J. L. Holsinger 3 January 1963 ASTIA 295133
Sample Sizes in the Measure- H-466
ment of Signal and Noise Powers,
Signal-to-Noise Ratios and
Probability of Error
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Published G-Reports (Continued)

No.

35G-3 Contribution of Air M. A. Herlin 25 February 1963 ASTIA 335098
[C] Dielectric to the Radar Cross

Section of Re-entry Wakes
(title Unclassified)

37G-1 A Theorem on Fourier Integrals H. E. Moses 5 February 1963 ASTIA 296789
and an Application to the Theory H-479
of Measurement in Quantum
Mechanics

312G-8 Scattering from a Radially C. M. deRidder 4 December 1962 ASTIA 294647
Varying Plasma Cylinder of L. G. Peterson H-464

Infinite Length

312G-13 Programs for Calculating a K. Kresa 8 August 1962 ASTIA 296540
Predicted Radar Trajectory M. R. Tausner H-478

Published Journal Articles*

JA No.

1958 A Circuit for the Square Root T. E. Sternt Proc. IEEE 51, 593 (1963)
of the Sum of the Squares R. M. Lerner

1959 The Computation of Electro- J.J. Mikulski Trans. IEEE, PGAP AP-II. 169
magnetic Scattering from E. L. Murphy (1963)
Concentric Spherical Structures

1961 The Effect of the Earth's F. Villarst J. Geophys. Res. 68, 1303 (1963)

Magnetic Field on Irregularities H. Feshbecht
of Ionization in the E Layer

1988 A Lunar Theory Reasserted - J. V. Evans J. Research Nati. Our. Standards
A Rebuttal 67D, 1 (1963)

1994 The Scattering Behavior of the J. V. Evans J. Geophys. Res. 68, 423 (1963)
Moon at Wavelengths of 3.6, G. H. Pettengill
68 and 784 Centimeters

2007A Experimental Study of Charge I. I. Shapiro J. Geophys. Res. 68, 1845 (1963)
Drag on Orbiting Dipoles I. Maront

L. G. Kraft, Jr.

2009 The Microwave Spectrum of M. L. Meeks J. Geophys. Res. 68, 1683 (1963)
Oxygen in the Earth's Atmosphere A. E. Lilleyt

2053 Radar Observations of Venus, W. B. Smith Astron. J. 68. 15 (1963)
1961 and 1959

Reprints available.
t Author not at Lincoln Labocatory.
S(Connultant.
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UNPUBLISHED REPORTS

Journal Articles

JA No.

1990 Exact Probability Distribution J. G. Proakis Accepted by Trans. IEEE, PGlT
Functions of Test Length for
Sequential Processors with
Discrete Input Data

2026 Aberration Theories for Semi- D. S. Grey Accepted by J. Opt. Soc. Am.
Automatic Lens Design by
Electronic Computers.
Part I: Preliminary Remarks;
Part II: A Specific Computer
Program

2064 The Orthomatch Data Trans- B. G. Kuhn* Accepted by Trans. IEEE, PGSET
mission System K. H. Morey*

W. B. Smith

2078 Interactions Between a R. E. Slattery Accepted by AIAA J.
Hypersonic Wake and a W.G. Clay
Following Hypersonic R.R. Stevens
Projectile

2087 Geomagnetic Effects on the V. C. Pineo Accepted by J. Geophys. Rev.
Frequency Spectrum of Incoherent D. P. Hynek
Backscatter Observed at 425 Mc/s G. H. Milimant
at Trinidad. T. W. I.

2101 The Influence of Terrain W. E. Morrow. Jr. Accepted by Proc. IEEE
Shielding on Radio Wave D. Karp (Correspondence)
Propagation at 8000 Mcps R. V. Locke, Jr.

W.C. Proencher

2119 Observations of Ionospheric V. C. Pineo Accepted by J. Geophys. Res.
Movements by Incoherent D. P. Hynek
Scattering G. H. Millmant

2124 Equivalence and Anti-equivalence H. H. Moses Acceped by J. Math. Phys.
of Irreducible Sets of Operators. J. Mt Phys.
I. Finite Dimensional Spaces K.Yuf

Meeting Speechs

MS No.

559A The Diamond Circuit R. H. Baker Solid State Circuits
Conference, Philadelphia,
20-22 February 1963

*Division 2.
t Asthor not at I uscola LAboratory.

t Titles of Meeting Speeches are listed fot ismfmatioa only. No copies m available for distribution.
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Unpublished Meeting Speeches (Continued)

MS No.

758 Attitude Sensing During K. Kresa Space Flight Testing
Extra-Atmospheric and C. R. Bohne Conference, Cocoa Beach.
Re-entry Flight Florida, 18-20 March 1963

767 Signalling Through Randomly P. E. Green, Jr. M. I. T. Industrial Liaison
Varying Media Seminar. Dallas,

30 January 1963

771 The El Campo Solar Radar N4. E. Devane
Antenna A. R. Dion

IEEE, PGAP, Boston,

782 Radar Measurements of the W. G. Abel 26 February 1963

Solar Corona at 38 Mcps

776 Modulation Techniques for W. E. Morrow, Jr. [AS 31st Annual Meeting,
Orbiting Dipole Scatter New York, 21 January 1963
Communication

783 Diamond Circuitry R. H. Baker Solid State Circuits
Conference, Philadelphia.
20-22 February 1963

785 Automated Differential Correction D. S. Grey Optical Society of America.
of Optical System Designs Jacksonville. Florida.

25-27 March 1963

803 The Optimization Problem D. S. Grey Seminar, V'ostinghouse Research
Laboratories. Pittsburgh.
21 January 1963; Science of Optics.
Lexington. Massachusetts.
23 January 1963

813 Detection and Estimation for P. E. Green. Jr. IEEE. PGIT. Philadelphia.
Randomly Time-Varying Channels 14 March 1963

824 Long-Range Communications W. E. Morrow. Jr. AFCRL Colloquium.
by Means of Orbiting Dipole Bedford. Massachusetts,
Belts 7 February 1Q63

826 A Rowlometer Method of L.J. Ricardi IEEE. PGAF. Waltham.
Measuring Surface Tolerances H.J. Rowland* Massachusetts. 20 March 1963

8,32 General Topics on Radar L. J Ricardi Arthur D. Little. Inc..
Cambridge. 12 March 1963

839 Radar Observation of the J H Chisholm Seminar. Department of Astronomy.
Solar Corona Cornell University.

28 February 1963

uthor no a Iincoln Iabnoralo".
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Unpublished Meeting Speeches (Continued)

MS No.

842 Radar Measurements of the G. H. Pettengill NASA Symposium on Pioperties
Lunar Surface of the Lunar Surface,

Washington, D. C., 4 March 1963

842A Radar Investigation of Lunar G. H. Pettengill Symposium, Goddard Space
and Planetary Surfaces Flight Center, 12 April 1963

848 Coding for a Discrete Information T. J. Goblick, Jr. Communications and Data
Source with the Distortion Measure Processing Seminar, M. I. T.,

8 March 1963

849 My Impressions of the Recent T. F. Rogers Symposium, M. I. T., 5 March 1963
United Nations Conference on
the Application of Science and
Technology for the Benefit of
the Less Developed Areas

850 Recent Experimental Studies J. V. Evans COMPASS Seminar, M. I. T..
of the Earth's Ionosphere 12 March 1963;

Joint Meteorological and Physics
Colloquium, Florida State
University, 26 March 1963:
Seminar, University of Florida,
27 March 1963

859 Some Uses for Signal Represen- R. M. Lerner Conference, Princeton University.
tation with Emphasis on Speech 21-22 March 1963

For convenience in ordering copies of Lincoln Laboratory reports

cited in this document, each reference is followed by its ASTIA

number. In addition. Unclassified (released) reports have also

been assigned Hayden serials (designated H-), indicating that they

are obtainable, at cost, as microfilm or photoprint copies from

the Microreproduction Laboratory. Hayden Memorial Library,

M.I.T., Cambridge .19, Massachusetts.
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RADIO PROPAGATION

GROUP 33

I. SOLAR RADAR STUDIES

The detectability of solar echoes with the El Campo (Texas) radar system is lowest during

the months of December and January because of higher cosmic background and lower antenna

gain. However, a few discernible echoes were obtained during this period. Solar experiments
were suspended during February 1963 in order to make radar observations of Mars. In March

a total of fifteen solar experiments were made, but echoes were obtained on only four occasions.

The negative results obtained during the other eleven experiments may have resulted from using

a different experimental technique. This possibility is being investigated.

Doppler analyses of signals recorded on magnetic tape during solar radar experiments made

last summer are continuing. The results show that the Doppler spectrum is 20 kcps or greater

in breadth, and that the peak of the spectrum occurs at about 4 kcps.

II. MARS RADAR EXPERIMENTS

During late January and February 1963, a series of about 56 individual radar observations

were made of the planet Mars. No single experiment showed a discernible echo; however, when

the outputs of all the experiments were combined a marginal result was obtained. The magnetic

tape recordings made during the experiments are being carefully analyzed.

IIM. EL CAMPO ANTENNA

The El Campo array of 1016 dipoles was completed two years ago. This antenna produced

a beam 13° east-west and about V° north-south. It was used for the last time on I April 1963 for

a series of radar observations of the moon. Disassembly of the array was begun on 2 April so

that the parts could be used to construct a similar array with a dipole spacing twice as great.

Construction of the new array was begun on Z5 March and the expected completion date is I June

1963. It is hoped that this new array will increase the system sensitivity for solar experiments

by about 3db, and for Venus experiments by about 5db. Some of the difficulties with corrosion,

line expansion and grass will be eliminated in the new antenna.

IV. SOLAR RADAR DATA PROCESSING EQUIPMENT

Work continued on the second generation solar radar data processing system. A new digital

unit which controls transmitting, receiving and data processing operations was designed and con-

structed. This control unit includes a number of new features that should make operation of the

radar system more ftexible and reliable. Moreover, replacement units for the analog integrator

circuits were designed that should provide an expanded and more reliable output data processing

system. A digital voltmeter and scanner readout system that will mechanize the acquisition of data



GROUP 33

from the analog outputs of the radar was purchased and assembled. With the installation of these

components at El Campo, the original receiver-exciter and data processing equipment will be re-

placed with a system specifically tailored to the solar radar experiment.

V. LAUNCH PHASE STUDIES

The final report on the launch phase studies is completed and will soon be published. The

nature of the field measurements and their results is classified.

z



COMMUNICATION TECHNIQUES
GROUP 34

I. RADAR ASTRONOMY

A. L-Band Venus Radar Experiment

The signal processing equipment described in previous quarterly progress reports has been

modified to extend the range of sampling frequency and allowable interpulse periods. This modi-

fication increases the efficiency of the detection program during analysis of low-bandwidth sig-

nals (e.g., ionospheric echoes and Venus echoes with millisecond pulses).

An attempt to detect Venus with this equipment was made on 15 February 1963; analysis of

the data is awaiting final "debugging" of the computer program.

B. Haystack Data Processing

A series of discussions is in progress with members of Group 51 to assess the capabilities

of the FX-2 pre-processing computer for real-time processing of radar-astronomy signals. As

a typical example, a hypothetical range-Doppler mapping experiment of one of the inner planets

is being considered.

It appears that the FX-2 is capable of performing the required processing in real time; how-

ever, in order to achieve the finest precision likely to be required, some additional external

registers are needed.

1H. ELF NOISE OBSERVATIONS

In the months since the FISH BOWL series of high-altitude nuclear shots, ELF data taken

at the time of several of the larger explosions have been analyzed. The Star Fish shot of 9 July

and the King Fish shot of I November produced ELF waveform transients at the time of detona-

tion similar to those obtained by many other observers. There was. however, an additional and

marked effect that specifically involves the earth-i iosphere cavity. Moments after - detona-

tion time of both Star Fish and King Fish, the peak-power frequency of the first mod 'ell sharply

from around M.0 to about 7. cps; it took from 3 to 4 hours to recover its normal valu Similar

shifts also occurred in the frequencies of the higher modes. It is not readily apparent why a

change in such a small fraction of the cavity wall area should produce such a large shift in over-

all characteristics. We note, however, that the amount of abrupt frequency shift produced by

the detonations was no greater than the much slower diurnal fluctuations in peak frequency

regularly observed.

HI. COMMUNICATION AND DETECTION THEORY

A. Decision-Directed Channel Measurement

The study of decision-directed channel measurement has been completed. Several detection

systems have been simulated and in all cases decision-directed channel measurement has yielded

3



GROUP 34

smaller error rates than the non-decision-directed channel measurement. The complete results

will be presented in a forthcoming G-Report.

B. Anti-Jam Modulation

A recent study presents a simple comparison of the anti-jam performance of a certain

frequency-hopping (FH) scheme with that of NOMAC (noise modulation and correlation) for the

purpose of assessing their relative merits as modulation schemes for a high-altitude active-

satellite communication system. The computations involved in the comparison are reasonably

simple because of the assumption of negligible thermal noise.
Further work along these lines has continued in an attempt to make a more realistic com-

parison of frequency-hopping and NOMAC systems - a comparison that will include the effects

of thermal noise and flexible jammer strategies. No coding has been included in the analysis

thus far. The expressions for probability of error in binary FH and NOMAC systems were de-

rived for several jammer strategies, and these expressions have been programmed for the

IBM 7090. Each jammer strategy has been optimalized for various system parameters, such as

TW, E/No, J/S. This study will be extended to nonbinary systems.

IV. DATA PROCESSING TECHNIQUES

An investigation of three methods of designing linear computer programs that perform fil-

tering operations on equally spaced data samples is being made. The results have applications

to the spectral analysis of data, and one method in particular provides a very direct and eco-

nomical way (in terms of the number of computer operations) of designing a digital filter with a

transfer function approximating that of the desired analog filter.

V. BOMB-QUAKE DISCRIMINATION

During this quarterly period, the small intergroup effort on the seismic discrimination

problem has proceeded in several directions. A number of Vela Uniform recordings of seismic

events and microseismic noise received by arrayed seismometers were borrowed from the Air

Force Technical Applications Center. After a lengthy period of checkout and debugging, proc-

essing of these data on the TX-Z computer is now proceeding. This processing is aimed toward
establishing various discrimination criteria and toward defining a valid mathematical model of

noise in arrays.

On the basis of recent work at Texas Instruments, Inc. and the University of California, it

appears possible to set up a tentative model of the noise (to be verified as work proceeds) which

allows definition of the statistical problem of optimally estimating the direction of arrival of a

plane-wave signal incident on an array on which noise is also incident. The use of arrays for

signal-to-noise maximization has been considered before, but the use of arrays for angle-of-

arrival discrimination is not well understood. An attempt is being made to set this up as an

analytical problem.

4



PLASMA PHYSICS

GROUP 35

I. LAUNCH PHASE SIMULATION

A. Gaseous-Discharge Experiments

Studies on the ionization breakdown of air and the subsequent neutralization of the plasma
inside the cavity have been conducted as a preliminary to the complete exploding-sphere experi-

ment. The electron density produced by the singly pulsed microwave discharge, its neutraliza-

tion by the processes of recombination and attachment as a function of time, and the collision

frequency for momentum transfer are being calculated for pressures from 0.06 to 5torr of air
inside the cavity. Gross experimental results indicate initial electron densities of the order of

108 electrons/cc and collision frequencies for air that are compatible with established values.

Plans are being made to process the large amount of accumulated data on a digital computer.

ILangmuir probes have also been used in some of these studies. The effect of the transient

plasma and the interaction between prahes when several are used has created some difficulty of

interpretation. A Langmuir probe with a guard ring attachment will henceforth be used in order
to achieve a more uniform sheath across the face of the probe. At the same time, a l)(C dis-
charge experiment has been set 01) for stocying the steady-state behavior of the langmuir probes

and the characteristics of the associaled circuitry.

B. Pressure Measurements In the Continuum and Transition Flow Regimes

The pressure probe calibration expertmencs in the 1arvard College Observatory shock tube
(2 inches in diameter) have been completed. Measurements were made in helium and argon.

The pressures to which the sensors were exposed ranged from 0.4 to 200torr. and the free-

stream Reynolds number, based ott probe diameter, ranged between 36 ard 104.

In the region of continuum flow (Reynolds number greater than 250). the experimental re-

sults are consistent with those obtained with the Avco-I:verett Research Laboratory low-density
shock tube.* In the transition flow regime (Reynolds number less than 250), the pressure meas-
ured by the probe is, as may he expected. higher that that predicted by the Ravleigh-l'itot for-

mula when the probe sensitivity determined in the continuum regime is used A set of correc-

tions down to a Reynolds number of 36 has been experimentally derived. The pressure in the

transition flow regime can now be calculated with reference to the pressure in the continuum

flow regime.
Preliminary experiments with spherical shock waves indicate that these pressure correc-

lions are valid. More spherical shock wave experiments will be carried out to ascertain whether

the pressure correction can be extrapolated to lower Reynolds numbers.

Divisin 3 Quarterly Proltma Report ll, ILincoln Ilabratory. %I.I.T. (15 January 19631. ASlIA 296192.
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COMMUNICATION SYSTEMS

GROUP 36

I. PROJECT WEST FORD

A. Camp Parks Site

A beam modulator has been added to the klystron transmitter for radar service permitting

higher peak-pulse powers at reduced duty cycles; 87 kw at 8350 Mcps was achieved for an

800-msec pulse at a Z0-cps repetition rate, a duty cycle of 1.6 percent. A helium-gas tube

that is an externally pulsed attenuator is serving as the TR device to protect the receiver during

transmission. The radar is once again operative.

B. Millstone Hill Site

The Z5-kw transmitter at 7750 Mcps is now operating either CW or DC pulsed with a beam

modulator. A pulsed-attenuator TR device has been added and the system now can operate as

a radar. Either of two receiving systems, each with a maser, can be used: one at 8350 Mcps
for receiving signals from Camp Parks, and one at 7700 Mcps for radar purposes.

C. Dipole Package

A redesigned West Ford package has been produced, tested and delivered to Vandenberg

Air Force Base for launching. This package differs in several respects from the first West

Ford packages. The dipole material consists of 0.0007-inch-diameter copper wire rather than

0.00i-inch-diameter copper wire. The package is split into four 4-deck units and one 2-deck

unit to which a telemetry package is attached (the original package consisted of a single unit of

twenty-one decks). The method of ejection differs in that, although the subunits are ejected

simultaneously, they separate from each other after they are free of the canister. However.

the method of dispensing the dipoles remains essentially the same.

The dipole decks have been subjected to vibration and dispensing tests. The complete

canister has been subjected to vibration tests, hot and cold ejection tests, vacuum leak tests,

and centrifuge tests. All components functioned properly during these tests.

D. Telemetry

Three flight and two backup performance telemetry systems were constructed, tested and

calibrated. Several minor circuit and fabrication changes were made to improve system per-

formance. One of the flight telemetry systems was assembled into a complete West Ford pay-
load and made available for a possible launch this spring.

II. MOON EXPERIMENTS

A. Camp Parks- England Teletype Test

On 5 April 1963, a cooperative experiment was undertaken with the Royal Aircraft Estab-

lishment at Farnborough, England. Teletype messages were transmitted from the West Ford

6



GROUP 36

site in California to England via the moon. The receiving system at Farnborough included a
17-foot antenna and a crystal-mixer front end with an 8-db noise figure.

At the transmitter, two noise hands 200 kcps apart and each 60 kcps wide were keyed in a

simple FSK manner at a 60-word-per-minute rate. The receiver demodulator consisted of two
channels 200 kcps apart, each 60 kcps wide, acting as matched radiometers whose outputs fed a
difference amplifier that determined whether "mark" or "space" was transmitted. Multipath

from the moon produces a smear of about 500 pse('; therefore, tones 2 kcps apart will fade inde-
penlent\ly. Using a 60-krps-wide noise hand is thus equivalent to 3 0 th order frequency diversity.

Essentially error-free teletype copy was received with 10 kw transmitted from California.

B. Camp Parks-Transportable Station Teletype Test

A truck has been outfitted as a transportable receiving station with a tripod-mounted 18-inch
or 4-foot antenna and equipped with a teletype demodulator similar to the one described above.

A 5-kw motor-generator supplies primary power. When I kw was transmitted from Camp Parks,

good TTY copy was received via the moon using the 4-foot antenna and a maser front end. With

a crystal-mixer front end (noise figure of 8db) and 20kw transmitted, good copy was also re-

ceived with the 4-foot antenna. With the IN-inch antenna and the maser, copy was also received

when 20kw was transmitted.

IM. BEYOND-THE-HORIZON EXPERIMENTS

The truck described above has also been used to measure the effect of terrain shielding and
beyond-the-horizon path loss at short distances. Measurements made in the summer of 1962

are reported in C-Report 366-1. Additional tests were made in March 1Q63 when snow was on
the ground and the leaves were off the trees. Preliminary results indicate a loss in excess of
free space to be about 91 db at one mile (about 10db less than in the summer) and 130db at eleven

miles (about I S (lb more than in the summer).

IV. ADVANCED AND THEORETICAL STUDIES

A. Delay-Line Filters

A common practical problem in signal processing is the need to have a specified frequency

response over a fixed frequency range without regard for what that response becomes outside the

range of interest. In addition, one may wish a transient response of finite duration in order to

use a tapped delaly line as a filter. These problems can be solved in p,-inciole by expanding the
desired response in terms of prolate spheroidal wave functions; but for most of the interesting

cases (signal T\W product large) so little is known about these functions as to limit their use to

existence proofs. Therefore, a rapidly converging com,,uter program which finds practical

solutions tbv a relaxation method has been developed. The results of this program have been

used to improve the performance of the, h.lay-line chirp filters; dtscribed in the last quarteliy

progress report t

11. v. %,w,,.. ft al.. "le Irfluwe, ., Te,ais .Ieldist ,,e Neh., Ir.te l'ra!*alia at al 00 w m4p.." :W;r.l l . Imo,,,Im

I. N-.1. ath 1%2). %$11.\ .711 .
1lS~~~i.-i,,lqo 11 1.el ', -*g'p r. ILiu,,la .k~, M.I.T. (11 .|*mmn 1%3t). p. 7. %STi % q -112.



GROUP 36

B. Linear-Phase Filter

It has been found practical to build linear-phase bandpass filters from crystals. The series

resonances of the crystals are used in the design as simple L-C resonances; the shunt capacity

is used in resonating the input and output transformers. An experimental filter with 23 poles in

the band 100 to 104.6kcps had *0.1 -db maximum (random) amplitude variation in the pass band,

and phase errors less than the *10 ° errors of the phasemeter.

V. ACTIVE SATELLITE SYSTEM

A. Repeater System

The microwave repeater system required in the proposed active satellite has been investi-

gated from two points of view:

(1) System considerations, with the objective of improving and simplifying
the HIF system.

(2) )evice evaluation.

Three specific changes have been proposed which offer the possibility o. system improvement:

(1) An 11F antenna sensing and switching system utilizing the "FM capture
effect:'

(2) Simplification of the high-power transistorized source by generation
of significant power at 500 .\cps.

(3) The possibility of combining a varactor frequency multiplier and an upper-
sideband frequency converter into one device.

B. Components

Component evaluation has continuce, especially evaluation of high-power and high-frequency

transistors and varactors. The transistor experiments have shown that at 100 Meps it is possible

to generate significantly more than 100 watts (on a pulse basis) by the simple expedient of paral-

leling several 10-watt devices and over-driving the circuit.

Power at 200 Mcps has been obtained by frequency-doubling from a 100-.Mcps source. Using

high-capacitance, high-voltage devices, 80 watts of ,F power has been observed at 200 Mcps on

a pulsed basis.

Experimental transistors capable of operating at higher frequencies (200 Mcps to I kMcps)

are now becoming available and will be evaluated more fully during the next report period. Initial

circuits have resulted in a 500-NMcps, 2-watt power amplifier with a collector of 50 percent.

A varactor frequency multiplier chain, complete with a 70-Meps transistorized driver, has
been constructed. Two hundred milliwatts of output power has been obtained at 7.2 kMcps for a

total )C power drain of 12 watts. Final doubler efficiency was 50 percent. During the next re-

port period, the packaging of this chain will he completed.

C. Repeater Location

Several differential-velocity schemes for the placement of uncontrolled, nonrandom satellites

have been worked out for specific (generally long and difficult) communication links. It has been

found that zero-outage performance can be achieved with fewer than half as many satellites in

orbit as would be required for I percent outage performance with randomly disposed satellites.

8
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VI. TRANSISTOR CIRCUITS

A. Low-Noise Pulse Preamplifier

Large junction-area InSb diodes are being used as infrared detectors to measure radiation

from semiconductor junctions. These diodes are operated in the photovoltaic mode; an approxi-

mate small-signal equivalent circuit consists of the parallel combination of a current source I

(proportional to the input radiation), a resistor R (R --KT/ql), and the junction transition capac-
ity. Since the InSb diode has a large junction area, the value of the transition capacity is also

large - about 2000 picofarads. The infrared radiation occurs as pulses with a minimum pulse-

width of 100 nanoseconds. Resistive loading of the InSb diode to obtain adequate response speed

and the use of conventional amplifiers result in inadequate signal detectability at low signal levels.

A low-noise transistor preamplifier has been constructed for improved low signal-level

operation. This amplifier uses two ZN918 transistors in a cascade circuit followed by a ZN918

emitter-follower, resulting in a voltage gain of 30 db. Coupling of the InSb diode to the input

transistor is accomplished with a 1:8 ratio pulse transformer.

The transient response of the preamplifier to a current step function input to the transformer

(with a 2000-pf capacitor in parallel with the transformer input) consists of a 20-nsec delay fol-

lowed by a 40-nsc rise time anti an exponential decay with a 3-tisec time constant. The pream-

plifier noise referred to the InSb diode current generator is approximately 0.25 pa peak-to-peak.

Incorporation of the preamplifier into the infrared measurement system has resulted in a sub-

stantial reduction in the system noise.

B. Low-Power Transistor Circuits

Measurement of the parameters of the 2N224 transistor at collector-current levels from

10 "12 to 10 "5 amp has been completed; measurements on the 2N2605 transistor (the p-n-p com-

plement to the 2N2S24) are in process and should be completed during the next quarterly period.
These transistors permit the design of low-frequency and I)C solid state operational amplifiers

with extremely high-input dynamic resistances (up to 3 x 10 1 ohms) and low-input leakage cur-

rents (less than 10 " amp at room temperature).

Since circuits in a space-vehicle en-.ronment may encounter considerable temperature

variation, a number of )C operational amplifier designs using these transistors have been in-

vestigated using a temperature environment requirement of -40' to t00C. The configuration

having the most stable operation with varying temperature is that of cascaded difference ampli-

fiers. Such a configuration, properly designed, also allows maximum flexibility for stabilizing-

feedback loops and operational-feedback loops. Two such amplifiers have been constructed but

not vet tested.

In order to demonstrate the low power potentialities of such circuits, a standard multivibra-

tor circuit has been built and tested, the transistors being operated at currents of less than a

nanoampere. ('ycl, time, depending on the values of the cross-coupling capacitors, ranges

from 40see to thr. The power required by the multivibrator is 7 S x 10 " 0 watt

C. Field-Effect Transistors

Under open-circuit input conditions, the equivalent input noise current of a field-effect tran-

sistor arises from two effects: (t) thermally generated noise in the channel and (Z) shot noise

9
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in the gate-leakage current. lor most commercially available units, the shot noise seems to
predominate. Various units are being measured to determine minimum gate-leakage operating

points, and an effort is being made todesign test circuits tomeasure the noise under open-circuit

input conditions. The lowest input noise current reported thus far is about to-i4amp/cps
i / 2

D. Diamond Circuits

A voltage-level discriminator circuit has been built using modifications of the diamond

circuit. At room temperature, the eircuit has a threshold of I mv with no hysteresis and will

operate from DC to 500kcps. By using high-frequency germanium transistors, it should be

possible to extend tile frequency of operation to several megacycles.

to



SURVEILLANCE TECHNIQUES
GROUP 314

I. MILLSTONE UPGRADING

'The period ending 31 March 1963 found the tracking phase of the [ -band conversion of the

Millstone radar within several weeks of completion. 'rhe items delaying conversion at this lime

appear to e the 12-horn monopulse feed (Group 315)and the new ultrastable parametric receivers
(Group 46). Both should be available for installation within tile next several weeks.

The oil lubrication system for the 84-foot parabolic antenna mount has been completed and
tested, final installation of all items in the equipment shelter completed, and the new 175-channel

slip-rin as.cinblv installed. Servo characteristics have been measured and the control loop
tightened by about an order of magnitude (as compared to the previous performance at tIIF).

The preparation of a manual describing in detail the construction and operation of every
major piece of station equipment is well unider way. Chapters describing the Sequential Doppler

Processor, Doppler Analyzer I)isplay, Station ('rysal ('lock, and fIrequency-Synthesizer,'Exeiter

are finisled. with several others almiost completed.

Tite early version of the X-780 l-batnd klystron developed by Eitel-lc('ullongh. Inc. proved

to have a very short operating lifetime. Of the five tubes put into operation at Millstone since

7 September 1962. four have failed after less than 100 hours of operation. Recently, an improved

version has been produced in which, it is claimed, the previous shortcomings (vacuum seal leaks,

arcing in the electron gun. and spurious modes in the output cavity) have been overcome. One of
the new tubes is now being operated in lte transmitter at Millstone, and it is hoped that it will

prove as successful as the manufacturers claim.

Trouble with waveguide breakdown at relatively low peak power (less than I .Mw) in the wave-

guide run bet ween tile azimuth-rotary joint and the feedhorn has been cured bYv increasing tile

tension oil the waveguide flange bolts. Ie'ver levels in excess of 3 1w may now be used without

recourse t) gases of high dielectric stretrlh.

Initial medium-power tests ott tbe transmittert line duplexer in(cate a leakage power about

83db below an average operating power level of 60kw. A temperature rise of 25'(' was found at

this level in the input hybrid, however, and means to reduce this are being studied.

The normalizing amplifiers necessary to permit proper operation of the monopulse angular

tracking circuitry have been completed and are now installed in the receivrt room.

n. 220-FOOT ZENITH ANTENNA (Incoherent Ionospheric Backscatter)

In January 1963, routine ionospheric observations were started usng the new 22O-foot parab-

ola. These observations generally take the form of a cntinuous sequencte of measurements e\-

tending over a teriod of 24 hours and are made at intervals ol altttt 10 la3. s. The electron-

density profile in the ionosphere over a height interval of 180 to (at besi) 1000km is measured

approximately oncte an bhour using compnter integration. (oncurrentlv, the analog integrator is

II
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usedi to mevaSUI- the spectra of the signals returned from different heights in the range 180 to

60t0 kml. D~espite thle fact that the equipment is operated only once every 10 days, it has not been

poshcto reduce thle data as qjuickly as it has been acquired. At the present time few electron-

deuisit v profiles have heen reduced. art) I only ahout half the spectrum measurements fully analyzed.

Nevert heless, the measurement.- obtained thus far- arc very rewarding. The variation of the elec-

rolt aunt ion tempieratures (separately), both as a function of height up to 600 km and time, can be

otutaitiei. T[le new% resltHs Conftim those obtained iii the spring of 1962 and show that, for most

parts of the daY, the electrorn tomnperature is greater than the ion temperature bly as much as a

factor of three. Tihe diurnal variation is complex, thle greatest ratios being observed in the fore-

noont hetweeti 8 and 10a.m. A Stisidiarv maximum occurs between 4 and S p.m. During most of

the daY, thle rat in litweert the temper attures increases with height. It is not yet clear at what

tnrighit ttiermal eqo lilibriomil bet weent tile electronns arid ions is re-established. These findings are

o' p~a r'amounor import ance itt tilie inrte rpret at ion of't tile resulIts of the Canadian ( Alouette satel11ite)

tops ide sounticr. Thtus. efforts will Ire made to operate tlet equtipment at times when this satel -

lite passes close toi \illstorie.

III. HAYSTACK FACILITY

I)t rt ing thle present reporting period. thle I itivac 490 digital computer was received. Some

sminall ifli colt ie s we r' U i o e red aitd litir tinit is r ow undergoi ng accept ance tests . It is expected

'hat chreckotut of arrtitna-prinitirtg routine.s will start shortlv.

iThe lariat irri at Stantforrdl ttartsritter power suprl\% arrivedi itt rti-\arci. BtY thle end otf

\Iirrr'i, trnistrilltr. rect ifier slack slitils. rapraritrs wth~ re-siive nhetwuorks, heat exchantgers

anid the M' ruit oadIri were iristaleri

T he artennia lhear in gs,* trins ition a nlr roku a rots htave arrived oil-site from N or th Nmeri cart

\vialilr. \i tire end iif March. the breating assemiblY %%ars nea'Sring complet ion. Trhe tilumerou s

ica siremeoi'its rte 55an to errsurre p roprier hnea rinrg Ie'vein rg ann( ruriout i-lea rattle have delayed

circlurn.

Sper-ifivatirns fir thle Iia.\stark radiurmeter sYstem. whirch will Ire used in calibrratintg thle

aitiria . have bene it oopt 1cr dvcrawn up and ina or~mf the prs oiSirde red. 11i appears that miln.rt

in'niIi eii'rt of I as ii interies Si i rad io a siorrot'. ina' inesurlt as a nvY-per rdurt oif the atenota



ANTENNAS
GROUP 315

1. EL CAMPO ANTENNA

All the i'(juipmelnt necessaryN to double the size of the antenna has been received on the site,

and a subcont ructor has been selected to install this equipment under the supervision of Lincoln

I aborato iv personnel. Tlhe installation is expected to continue through the first weeks of May

1963, and %%ill be followed by anl intensive adjustment and checkout program resulting in the corn-

pletjoin of thIis modification by the end of the next quarter.

11. PROJECT WEST FORD

Th'Ie teas'ibilitY model of thev swrtched-heain directive antenna system has been completed,

and final data a re av'ailabrle. Significant improvemets are being made in the antenna and

sw itciting co mponient s used inl this feasibility nivodel. Specifically, the right- and left-hand cir-

cular pola rizat iont diplexing unit has been imiproved by replacing miniature coaxial cables with

art all -waveguide circuit thIat utilizes the properties of orthogonal dominant modes in a circular

waveguide. This reSultS illt anl inc 'ease, in the antenna gain from it to approximately 12.3db,

mla litt ailting thel saic t iffr 'ctivu c-ove rage. Theii first sol id-state switch was const ructed in strip

ransinission lint' and a as a single-prtle 4-throw unit instead of a single-pole 32-throw unit. It is

planneil toruse ten sinigle-pole 4 -1hrtiti switcliar.done single-pole double-throw switch to make

up the desired single-pole i2-throw% switch. Ext rapolation from the tiamaalready obtained indicates

that the single-pole 3_ -thirint sw Otcli would have art insert iont loss oif approximately 4.5db and an

isolation of about 20 dl. A single-pine singli-irrow solid-state waveguide switch having an in-

srinloss of 0.4db and anisoilation of appi'oxiniarel' !-2dib hasbencmledExrpatg

front these data to tire 32-throw unit indicates thiat the' insert ion loss will be approximately 3db,

and the isolation will be greater thain 20 dli. St'xor'al other tine -uarter'-hi'ight and half-height

w'aveguride complonents a re linrg dieilorped for' Sr si iiithe re maiin ii ct rconne rt ions and

circuit i'v.

The improved %Vest iVord tracking feed systemn consisting of a long horn with a diamond

ape'rturre, a circular-pola rized t ransdrrcer, anti a dual -pila rizatioi exciter has loin conmpletedl.

Expe rimnentaol results obtained with the antenna radiating linearly polar'ize'd sigirals indicar i ex-

cellent performance in both the comi'municat inns arid tracking modes. The suni channel, or orn-

axis beam, has extremely low sidelobi's iii both pr'incipal planies when operating at either 7750

or 8350 Mcps. Trhe sidelobes iii the 45' planes are approximatiely IS di down, and tire main beam

is essentially c ircular iii shape; that is, it has equal priric ipal -plane half-power iieamw idths.

'rhe error-channel radiation patterns are equal to or better than those that can be obtainedl with

a conventional four-horn monopulse system. The miaximumi gain of both differenice patterns is

ap~pr'oxima'tely 3 di below the niaxinmum of the sum-clralniil beam.

'rhe circular-polarizatior tr'ansducier-; wi're testedl separately antI product-'] a cir'cularly po-

larized wavewhose axial ratiovrrried from 0.3db at the centerof the band triirpproxiniately2 rIb at
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the edges of the band. When four of these circular-polarization transducers were inserted into

the excitation network of the West Ford diamond horn, the radiation patterns proved to be un-

satisfactory. The axial ratio increased to 3db for the on-axis beam and to greater than 10db

for the error patterns. These results were improved somewhat by changing the length of the

transitions between the four-port monopulse exciter and the input to the diamond horn; however,

the performance was still considered unsatisfactory. The circular-polarization transducers

were removed from the excitation section of the horn. and a metal-plate polarizer was posi-

tioned across its aperture. The measured performance has improved considerably; however,

there is still room for improvement and not all the necessary data have been taken. The metal

plates of the circular-polarization transducer tend to produce a field distribution over the aper-

ture of the horn which is similar to that obtained with a conventional pyramidal horn. The ex-

cellent performance obtained with the linearly polarized diamond horn justifies an investigation

of the possibility of using a dielectric-plate polarizer over the aperture of the horn, or of using

a circular-polarizing reflector over the hyperboloid Cassegrainian reflector in place of the

metal-plate unit. The latter method would guarantee excellent results because of the proven

performance of the diamond horn and the simplicity in design of a circular-polarizing hyper-

boloid reflector. Present plans include using the metal-plate circular-polarization transducer

with an interim feedhorn and installing the best of the proposed designs during the next quarter.

In order to provide the required isolation between the transmitter and the receiver, a new

type of filtt.r has been developed which produces more than S0 db isolation over a Z0-Mcps stop

band and has less than 0. 1db insertion loss over the pass band. The unit has been designed to

accommodate the present West Ford frequencies of 8350 and 7750 Mcps. This unit, used in

conjunction with the circular-polarization filters described in the last quarterly progress re-

port, is functioning satisfactorily at one of the West Ford sites.

11I. RADIO ASTRONOMY BOX FOR HAYSTACK HILL ANTENNA

The feed described in a journal article in July 1954," and recently suggested by John Ruze,

was constructed ant is presently being tested. Two feeds were constructed, one operating at

7750 Mcps for use with a 16-inch paraboloid and the other operating at 15,375 Mcps for use with

an 8-inch paraboloid. Itadiation patterns have been measured at both frequencies and found sat-

isfactory. The objective of obtaining equal E- and Il-plane beamwidths within a 13.4 ° included

angle has been reached, and the near-in sidelobe levels are approximately -20db. Gain and

impedance mcasurements have not yet been made; however, it is planned that these data will

soon be taken. The radiation patterns will be integrated to determine the fraction of power in-

tercepted by the subreflector. This factor, together with the calculated "illumination" efficiency

of the secondary aperture, will allow prediction of the antenna efficiency and gain with consid-

erable accuracy.

IV. MILLSTONE HILL RADAR

The radiation patterns of the 12-horni monoptlse feed system have been measured with unit-

radiating linearly polarized signals. The agreement between measured and expected results

* A. Chiavin, "A New Antennd Fed Ihving Equal E- and II P annu. rafn. IlhE. PiGAl AP-2. N... . 11. (195,1).
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has been excellent; however, the measured gain is not the same for both vertical and horizontal

polarization. Subsequent tests have shown that this is due to the mutual interaction between the

center four feedhorns and the outside horns. Further tests have shown that the coupled signals

are transmitted to the short-circuited terminals of the outer horns; by adjusting the position of

these short circuits, the antenna gain can be made identical for both polarizations. A practical

application of this arrangement would require a number of adjustable short circuits placed at

these terminals and positioned to produce the desired results. Unfortunately, the optimum po-

sition would vary as a function of frequency. Alternatively, these terminals could be terminated

in a matched load, thereby eliminating the frequency sensitiveness of this effect and perhaps

reducing the maximum gain obtainable by -0.2 db. Because the gain of the antenna system is pro-

portional to the gain of the feed system, it is important to attempt to increase the latter to its

maximum value. However, the present system will not be modified at this time; rather, at

some time in the future a modification kit will be installed for the purpose of achieving the de-

sired results.

Extensive radiation pattern measurements and gain measurements were conducted with the

interim feedhorn illuminating the 84-foot-diameter paraboloid. Unfortunately, the interim feed-

horn was not properly designed, and the antenna system had a measured gain -2 db below an opti-

mum value. After installing a correcting lens, the antenna efficiency was increased to 40 per-

cent. This was increased to -50 percent by removing a set of buttons that were placed in the

throat of the feedhorn to increase the isolation between the dual-polarization input terminals.

V. PROJECT 461

The four-horn monopulse-tracking feed system which will be used to illuminate the 30-foot

paraboloid is nearly completed. The variable-polarization transducers have been completed

and are being assembled with the feedhorns. Final evaluation of the comparator circuitry has

been completed and its performance is satisfactory. This feed system should be ready for in-

stallation in the antenna system by mid-April 19t3.
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